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Abstract
Objectives: In the criminological literature there is a discussion on the extent 
to which imprisonment reduces or increases (re)offending. Although there is 
a large literature on the effects of imprisonment, methodologically rigorous 
studies are the exception due to problematic study designs. This paper 
assesses the effect of length of imprisonment on recidivism in the Nether-
lands.
Methods: The present study uses data from a longitudinal nationwide study 
on the effects of imprisonment in the Netherlands (The Prison Project). 
Adult male inmates aged 18-65 who entered a Dutch detention facility 
between October 2010 and March 2011 (N = 1,909) were interviewed three 
weeks after arrival in pre-trial detention. The propensity score methodology 
is used to control for selection effects and multiple types of recidivism pat-
terns are measured using registration data within a 6 month follow-up peri-
od.
Results: Findings indicate that length of imprisonment exerts an overall null 
effect on registered recidivism and that this substantive conclusion holds 
across various measures and types of recidivism.
Conclusions: This study supports overall conclusions of the new generation 
of studies assessing the impact of prison length on recidivism, that longer 
imprisonment has a null effect on reoffending. Limitations and directions 
for future research are noted.
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Introduction
An important question for justice policy is the degree to which official inter-
ventions can reduce crime in society and the extent to which offenders 
respond to these interventions. Per year, the expenses of the Dutch govern-
ment on public safety concerns are estimated to be 12.5 billion Euros (Nauta 
et al., 2011). These expenses are partly legitimized based on the idea that 
official interventions can control crime. Furthermore, every year approxi-
mately 40,000 individuals are released from imprisonment (Linckens & De 
Looff, 2013). Empirical knowledge on the effects of imprisonment length on 
recidivism is of direct importance for legal actors, because it can help legal 
actors make decisions that yield the highest crime control benefits.
Different goals of official interventions can be distinguished that intent 
to reduce crime in the society (Von Hirsch et al., 2009). One goal is the dis-
couraging effect official sanctions may have on the population at large also 
referred to as general deterrence. Another goal is referred to as incapacita-
tion – the prevention of crime via the forced removal of known offenders 
from the community. Finally, specific deterrence can occur if punished 
offenders reduce their criminal involvement because of the fear of a future 
sanction.
In the current study, we limit our attention to this latter mechanism with 
a focus on the relationship between time served and recidivism. When 
empirically assessing the specific deterrence effect of imprisonment, most 
prior empirical research focused on the effects of custodial versus non-cus-
todial sanctions (e.g., Bales & Piquero, 2012; Nieuwbeerta et al., 2009). Far 
fewer studies investigated the relationship between length of stay and reof-
fending. This is unfortunate, because this relationship has been identified to 
be “… vital for both public policy and science” (Nagin et al., 2009: 49). Also 
the scientific interest in this topic is evidenced by a number of recently con-
ducted studies that focus explicitly on this relationship (see e.g., Loughran 
et al., 2009; Meade et al., 2013; Snodgrass et al., 2011). While empirical 
research has provided substantial contributions to our understanding of the 
crime preventive effects of official interventions, it is also characterized by a 
number of limitations. These include the limited number of research specifi-
cally focusing on the dose-response relationship (Meade et al., 2013), the 
inability to make a causal interpretation of the results (Nagin et al., 2009), 
and a narrow focus on data from the United States (Snodgrass et al., 2011).
The current study addresses these and related issues, expanding the 
scope of contemporary research in several ways. This study analyzes longi-
tudinal data on 1,909 male adults who entered pretrial detention in the 
Netherlands to study the dose-response relationship between imprisonment 
and recidivism. Here, imprisonment refers to the exact duration of the first 
period of confinement of these respondents and thus includes pretrial deten-
tion as well as possible connected prison sentences. This has the advantage 
that exact imprisonment length can be measured. Detailed interview data 
were combined with registration data to better reconstruct registered offend-
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ing histories and to be able to investigate multiple outcomes of registered 
recidivism. While not much data are available to make solid dose-response 
estimates (Loughran et al., 2009), these data are well suited for the proposed 
analysis. They include very detailed information on life-course circumstanc-
es, the criminal career, and the exact duration of imprisonment. The broad 
set of confounders in the data enables us to control for pre-existing differ-
ences between imprisoned individuals in great detail. Because of the raised 
concerns about selection bias we use the propensity score methodology to 
estimate the dose-response relationship. Propensity score analysis has 
recently been identified as an “… enormous promise to reduce bias in non-
randomized experiments” (Shadish, 2013, p 142). Shadish also provides spe-
cific conditions under which this can be realized.
The Dose-Response Relationship in Criminological Perspective
The central question in this study is to what extent longer imprisonment is 
either more or less effective in mitigating recidivism. From a theoretical per-
spective, though, it is difficult to determine the direction of the relationship 
between duration of imprisonment and recidivism. Based on deterrence 
theory it can be expected that a longer stay results in lower recidivism rates 
(Von Hirsch et al., 2009). The deterrent theory is an economic approach to 
criminal behavior in which individuals are assumed to make rational calcu-
lations of the costs and benefits of criminal behavior. These calculations are 
based on individuals’ estimates of the certainty and severity of punishment 
as a consequence of their criminal behavior (Becker, 1968; Ghali, 1982). This 
framework points out that official interventions can discourage offenders 
from committing future crimes. The cost that is associated with serving time 
reduces the likelihood of reoffending because of the fear of a future sen-
tence, or serving time in the future (Nagin et al., 2009; Spohn & Holleran, 
2002). Typically, it is assumed that the stiffer the punishment, the more the 
punished will try to avoid future punishments, and the higher the deterrent 
effect of punishment. From a deterrent theory perspective, longer periods of 
imprisonment provide a heightened cost for future involvement in crime 
than shorter periods (Loughran et al., 2009; Nagin et al., 2009).1 So, if the 
punished indeed perceive a longer term of imprisonment to be more severe, 
as assumed based on this theoretical framework, the deterrent effect of lon-
ger imprisonment is expected to be stronger than that of shorter lengths.
1 We argue that this also holds true for the time served in pretrial detention. Pretrial deten-
tion can, similar to prison sentences, be defi ned as an unpleasant experience which is 
characterized by a loss of liberty and autonomy. Moreover, especially in pretrial deten-
tion, activities such as education and work are hardly offered and people spend most of 
their day in their own cell (Dirkzwager et al., 2009).
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Though, other theories can be applied that lead to the expectation that a 
longer stay results in higher recidivism rates. Longer terms of incarceration 
are expected to diminish social control more so than will shorter terms. 
Especially, long prison terms may have detrimental effects on conventional 
bonds to family or work. For instance, due to longer imprisonment, human 
capital, such as work-related skills and experiences, goes unused which is 
detrimental for the chances of a conventional life after punishment. Control 
theories postulate that bonds to conventional society, i.e., belief in societal 
norms, attachment to non-deviant others, and involvement and commit-
ment in conventional activities, can restrain individuals from committing 
crime (Hirschi, 1969; Sampson & Laub, 1995). Longer terms of imprison-
ment, then, also imply that these individuals are removed for a longer peri-
od from the law abiding community. From differential association and 
learning theories it can be derived that offenders are longer exposed to devi-
ant values when imprisoned for a longer period as opposed to shorter terms 
(Akers, 1997; Sutherland, 1947). Basically, these theories assume that crimi-
nal behavior is learned from deviant others. Due to longer imprisonment, 
then, individuals can become more deeply embedded in criminal contexts. 
Labeling theory suggests that official interventions contribute to the devel-
opment of a criminal career rather than prevent offenders’ involvement in 
crime (Becker, 1963). Because individuals are being treated as an offender this 
label and criminal identity becomes internalized and as a consequence indi-
viduals start to behave in accordance with this label. This label may become 
more internalized the longer the term of imprisonment because persons are 
then longer being treated as an offender.” Offenders can experience related 
difficulties because this official label can in turn lead to economic and social 
stigmatization (Pettit & Western, 2004)
Summarizing, extant criminological theories lead to contradicting 
hypotheses about the extent to which recidivism will be more or less after 
having served longer periods of imprisonment. Sound empirical research 
differentiating recidivism for different lengths of time served is therefore 
needed.
Two Generations of Empirical Research on Time Served and Recidivism
In this section, we review past empirical efforts to estimate the effect of time 
served on recidivism. We do not attempt an exhaustive review of the litera-
ture, but rather focus primarily on a number of studies that give context for 
this specific study. Interested readers may consult several reviews that were 
published elsewhere (see Durlauf & Nagin, 2011; Gendreau, Goggin, & Cul-
len, 1999; Nagin et al., 2009; Tonry, 2011). 
Two generations of studies can be distinguished in the research tradi-
tion in examining effects of time served on offending. The first generation 
of studies typically used regression-based techniques to estimate the dose-
response relationship. As with the different theoretical expectations that can 
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be derived also this empirical literature shows varied results. Different stud-
ies found evidence for negative or positive effects of length of stay on recidi-
vism, and a number of studies also found that this relationship is not signifi-
cant (Nagin et al., 2009). Not only is drawing a firm conclusion difficult by the 
mixed results these studies produced, it is also questionable whether these 
studies were able to estimate the causal effect of additional lengths of stay.
Most of these early studies did not specifically focus on the dose-
response relationship but rather included time served together with many 
other characteristics as controls. This is problematic for the interpretation of 
the causal effects of time served because selection processes occur that are 
not accounted for by these studies. Selection effects may occur because judg-
es already take into account offender dangerousness when imposing the 
sentence in order to protect the community from criminal behavior (Stef-
fensmeier et al., 1998). Empirical evidence indicates that characteristics relat-
ed to recidivism, such as criminal history (Farrington, 1992; Gendrau, Little, 
& Goggin, 1996), are also robust predictors of length of imprisonment 
(Spohn, 2000; Zatz, 2000). Thus, offenders with a higher criminal propensity 
also serve longer prison terms. If studies fail to account for such selection 
effects, the result might be the by-product of lengthier terms of imprison-
ment being assigned to the more crime prone offenders. Consequently, it is 
difficult to determine whether the effects found are actually caused by dif-
ferent sentence lengths or because differences in offenders’ crime-proneness 
a priori the sentence.
The second generation dose-response studies were specifically designed 
to overcome some of the shortcomings of the first generation by using 
matching techniques.2 A total of three recent studies applied the propensity 
score methodology to estimate the dose-response relationship. This method 
can be used to control for pre-existing differences between members of dif-
ferent prison length groups and is better able than studies of the first gen-
eration to make a causal interpretation of the results regarding sanction 
effectiveness as will be discussed later in the methodology section. 
Loughran and colleagues (2009) were the first of this new generation who 
applied this methodology to estimate the dose-response relationship. 
Loughran et al. (2009) used longitudinal data on serious juvenile offenders 
in Maricopa and Philadelphia county (N = 419) who were on average 11 
months placed in an institution. Prior to matching, over 40 percent of all 
covariates were imbalanced and after matching only 1 out of 66 covariates 
was out of balance. Their results show neither a criminogenic nor a preven-
tive effect of additional length of stay for terms between 3 and 13 months. 
A limitation of this study is that it only included juveniles in two counties 
in the United States and information about the current offense was absent in 
their study.
2 Nagin et al., (2009) identifi ed two studies, over thirty years old, in which a matching by 
variable technique was used. Jaman, Dickover, and Bennett (1972) focused only on indi-
viduals detained for a burglary offense and Kraus (1981) only included juveniles.
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Snodgrass et al. (2011) used administrative data on all juvenile and adult 
offenders incarcerated in the Netherlands in the year 1997. A number of 
sample restrictions were made and the final sample consisted of 4,683 indi-
viduals. After matching on propensity scores, the imbalance is reduced to 
four covariates with a fairly small magnitude of the mean differences. The 
results show no significant differences in the reconviction rate, the propor-
tion of offenders who are reconvicted, and the length of reincarceration3 
between matched low- and high-dose offenders. Shortcomings of this study 
are that a relatively small set of offender characteristics was included and 
that a dataset was used that is over fifteen years old. The latest study in this 
tradition was conducted by Meade and colleagues (2013) who used a repre-
sentative sample of adult offenders in the state of Ohio. Individuals from 
different dose levels were matched based on propensity scores and an 
acceptable level of balance was achieved. The median length of stay was 24 
months for released offenders. Significant treatment effects were only found 
for offenders who served at least five years. This study, unfortunately, only 
included individuals who were released under supervision which could 
bias the results about recidivism.
All of the above mentioned studies of the second generation found very 
little evidence of a relationship between time served and recidivism. Snod-
grass and colleagues (2011) argue that this provides some preliminary evi-
dence that studies that include more stringent controls do not find that the 
length of time-served is accompanied with strong specific deterrent effects. 
Though, they argue, future research is needed in order to establish this trend 
and to be able to generate policy recommendations. In response, the current 
research analyzes the dose-response relationship using new data.
Data
Our task in this study is to estimate the influence of additional length of stay 
on recidivism. The data used in this study were collected as part of the Pris-
on Project, a prospective longitudinal study in which individuals in pretrial 
detention in all penitentiary institutions in the Netherlands were inter-
viewed. The project targeted male prisoners who entered a Dutch pretrial 
detention facility for a minimum of three weeks between October 2010 and 
March 2011, were born in the Netherlands, were between 18 and 65 years 
old, and did not suffer from severe psychological problems. Suspects who 
met our selection criteria were interviewed in that period in all pretrial 
detention facilities in the Netherlands. A total of 2,945 individuals who 
entered between October 2010 and March 2011 met our selection criteria. No 
3 A null effect of length of reincarceration is only found for those matched offenders who 
were at most three dose levels apart. Taken all offenders together, the results show that 
low-dose offenders were sentenced to fewer days of reincarceration compared to their 
matched high-dose counterparts.
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less than 94 percent of these men were approached to participate in the Pris-
on Project and 69 percent agreed to do so (N = 1,909).4 Of those men, a total 
of 1,764 suspects filled in an additional questionnaire that includes, for 
instance, detailed information on criminal thinking characteristics.
Only respondents who just entered the pretrial detention facility were 
eligible for participation in this first wave of the prison project, so most 
responses were obtained on the suspect’s situation at the time of arrest. This 
dataset was then extended with multiple types of officially registration data 
to obtain information on full criminal careers, offense- and case characteris-
tics, and other life circumstances. Population data come from the GBA data-
base which includes information on life circumstances, such as marriage 
and number of children. Data on registered criminal careers were retrieved 
from the General Documentation Files (GDF) and were made available by 
the Research and Documentation Centre (WODC) of the Netherlands Min-
istry of Justice. These data include information on registered crimes starting 
at age 12 up till 11 July 2012. At that date, over 78 percent of all respondents 
had been released for a minimum of six months. For the current study, we 
only select those offenders with a valid follow-up period of six months 
which resulted in a final sample of N = 1,487.5 The Prison Project data are 
well-suited for the proposed analyses because they offer extensive informa-
tion on individual’s criminal career and other individual level life circum-
stances, attitude and offense characteristics. Based on these data, we also 
meet the requirements raised by Shadish (2013) to sufficiently reduce bias in 
non-experimental data and to yield accurate effect estimates.
Measures
The Outcome Variables
We use post-release registered recidivism, retrieved from the GDF, as mea-
sure of future engagement in criminal behavior. We control for exposure 
time by estimating recidivism during an exact follow-up period of six 
months. The outcome variable future crime is measured dichotomously, 
with 0 representing those of whom no charges were registered after release 
and 1 representing those of whom at least 1 charge was registered. The sec-
ond dependent variable, reconviction, is measured dichotomously, with 0 
representing those of whom no reconvictions were registered and 1 repre-
4 This fi nal sample was representative of all prisoners that entered pretrial detention with 
respect to age, marital status, type of offense, and length of fi nal sentence. We found some 
minor differences between participants and nonparticipants on some other characteris-
tics, such as age of onset (18.6 versus 17.4) and on employment status.
5 Meaning that offenders who were still incarcerated or not yet free to offend for a period 
of six months were removed from our sample. Also a small number of offenders were not 
found in the GDF and were excluded from further analyses (N = 15).
156 Chapter 7
senting those of whom a reconviction(s) was registered. Finally, reincarcera-
tion is measured using a dichotomous variable, with 0 representing those 
not reincarcerated and 1 representing those reincarcerated.6 In the current 
study, reconviction and reincarceration are underestimated because not all 
charges that have been registered at the Prosecutor’s Office will have led to 
a conviction using a follow-up period of six months. This issue does not 
occur in our future crime outcome variable. It must be further noted that it 
could be that not all suspects with a new crime will be found guilty. Given 
that between 90 and 94 percent of the charged suspects are found guilty by 
a judge in the Netherlands this problem may be less of a concern (Statistics 
Netherlands, 2012).
Although official measures by definition underestimate actual criminal 
behavior, they have been considered valid indicators of offending behavior 
(Farrall, 2005). Self-reported offenses that more closely align with actual 
criminal behavior usually contain more offenses of a less serious nature than 
offenses derived from official data (Blokland, 2005). Our measures should 
therefore be perceived as more serious forms of recidivism than measures 
based on self-reported criminal behavior. Especially, reincarceration is the 
result of more serious forms of criminal behavior and can therefore be seen 
as an indicator of severe recidivism. We use dichotomous outcome variables 
because of the highly skewed distribution of these characteristics.
We focus on a follow-up period of six months in order to estimate future 
engagement in criminal behavior of a sufficient number of offenders (Shad-
ish, 2013). While this is a relatively short period just after release, these first 
months can also be identified as very crucial for post-release success in com-
munity. Ramakers, Apel, Nieuwbeerta, Dirkzwager, and Van Wilsem (in 
press), for instance, already showed important differences in post-release 
labor market success over this short period using the same dataset. Addi-
tionally, Langan and Levin (2002) observed that the majority of those offend-
ers rearrested in a three year follow-up period were arrested in the first year 
of their release. The disadvantage of a relatively short follow-up period may, 
therefore, be less of a concern.
Independent Variable: Length of Imprisonment
In the present study we measure discrete doses based on the actual distribu-
tion of the length of imprisonment as well as judicial practice (i.e., the fixed 
decision moments about extended placement by judges). Length of impris-
onment is measured as the actual time between the first day of pretrial deten-
tion and the date of first release from confinement (either pretrial detention 
6 Further adjusting for exposure time because individuals may have been incarcerated 
during the follow-up period is not necessary for those who score 1 at the outcome vari-
ables, because all outcome variables are dichotomous. That they would have had more 
time to recidivate if we further control for exposure-time is therefore not necessary 
because it would not change the outcome.
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or imprisonment), as registered by the Judicial Institutions Department of 
the Netherlands. Discrete doses, rather than a continuous measure, are 
defined so that the methods described by Loughran et al. (2009) could be 
applied. A total of five “doses” are created: 1 to 6 weeks (N = 286), 
6 weeks to 3 months (N = 401), 3 to 4 months (N = 271), 4 to 6 months (N = 
227), and 6 to 15 months (N = 302). The mean number of days imprisoned is 
122. Figure 1 shows the distribution of prison length.
The first dose defined is one to six weeks imprisonment, because it takes 
approximately six weeks till a sentence is imposed for the more simple cases 
in which a maximum prison sentence of one year can be imposed (Zuider-
wijk, Cramer, Leertouwer, Temürhan, & Busker, 2012). These offenders 
mostly served their time in pretrial detention only. Furthermore, in first 
instance, individuals can be pretrial detained for a maximum of ninety days, 
or three months (Ausma, 2009). After that period a judicial decision is taken 
in which the pretrial detention period can be lengthened, a sentence can be 
imposed, or pretrial detention is ended. Almost half of all defendants who 
had been pretrial detained are not sentenced to a prison sentence that 
exceeds the time already served in pretrial detention (Linckens & De Looff, 
2013).The second dose created is therefore six weeks to three months. For 
most cases, though, that are more complicated and settled by a panel of 
judges it takes four months before a final decision is reached (Zuiderwijk et 
al., 2012). The third dose is therefore set at three to four months. Finally a 
distinction is made between individuals who served four to six months and 
those who served more than six months, because the latter group is consid-
ered a long-term prisoner in the Dutch context.
In the current study, length of imprisonment is the result of a sequence 
of decisions. Decisions about pretrial detention are made by the examining 
judge (i.e., the rechter-commissaris) who is not necessarily the same judge 
who imposes the final sentence. In first instance, suspects can be detained 
pretrial for a maximum period of ninety days and this term can be length-
ened by a maximum of ninety days. Prolongation of pretrial detention can 
be done maximally twice. Suspects can be released pretrial if the grounds for 
pretrial detention are no longer valid (i.e., flight risk and public safety con-
cerns) or if the prison sentence is probably not going to exceed the time 
already served in pretrial detention. When suspects are still pretrial detained 
when the sentence is imposed, judges can either impose “time served” or a 
prison sentence that is longer than the time served in pretrial detention.
So, four groups of suspects can be distinguished for whom imprison-
ment length is measured in the current study. First, offenders who are pre-
trial released before the sentence is imposed and of whom the sentence does 
not exceed their time already served in pretrial detention. Imprisonment 
length comprises only of the length of pretrial detention up until release. 
Second, offenders who are pretrial released and who at a later stadium 
receive a prison sentence that exceeds their time served in pretrial detention. 
Imprisonment length consist here of the term of pretrial detention up until 
release. This group of suspects could be imprisoned during the follow-up 
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period affecting their exposure time. When the adjusted estimates of the 
treatment effects are described we reflect further on this issue. Third, those 
who have been pretrial detained up until the sentence is imposed and who 
receive “time served”. For them the term of imprisonment also only com-
prises of pretrial detention. Fourth, those suspects who have been pretrial 
detained up until the sentence is imposed and who receive a connected pris-
on sentence. For them the term of imprisonment consists of both pretrial 
detention and a connected prison sentence.
Length of stay (days)
Fr
eq
u
en
cy
0 100 200 300 400 500
0
50
100
150
200
Figure 1 Length of stay (N = 1,487)
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Variables in the Propensity Score Model
Basically, the list of potential confounding factors is infinite. Though, Nagin 
et al. (2009) identified a number of characteristics of this list that are neces-
sary to include to reach an acceptable base of comparison between groups of 
individuals who served different types or lengths of official interventions. 
We include those characteristics in great detail, i.e., criminal history, offense 
type, age, and race7, and even add more covariates that are typically related 
to offending behavior and length of imprisonment. The focal concerns theo-
ry describes that legal actors take three concerns into account when making 
decisions in the sentencing process: 1) offender blameworthiness/ culpabil-
ity, 2) offender dangerousness and community protection, and 3) practical 
constraints/consequences (e.g., Steffensmeier et al., 1993; 1998, Ulmer, 1997; 
Ulmer & Johnson, 2004). We draw upon findings from previous studies and 
the focal concerns theory to identify which characteristics may influence 
imprisonment length.
Problematic alcohol, problematic drug use, and homelessness were 
included in the propensity score model as indicators of lack of a conven-
tional lifestyle. These factors are directly related to recidivism and length of 
imprisonment. Dowden and Brown (2002), for instance, showed in their 
meta-analysis a predictive relationship between substance abuse and recidi-
vism. These factors may also be related to legal actors’ perceptions of sus-
pect’s dangerousness, a concern that is theorized to be taken into account by 
legal actors when making decisions in the sentencing process (Bjerregaard et 
al., 2010; Steffensmeier et al., 1998). Measures of conventional bonds are also 
included because they, as also discussed, are typically theorized to produce 
law-abiding behavior. Following the focal concerns theory, bonds to family 
members are also related to the practical constraints and consequences con-
cern of decisions in the sentencing process. Legal actors are theorized to take 
into account concerns about the disruption of such bonds (Steffensmeier et 
al., 1998) and the social costs of imprisonment on removal of family mem-
bers (Bond & Jeffries, 2012). In addition, conventional bonds to work can be 
linked to court actors’ perceptions of dangerousness. Unemployed, for 
instance, are perceived to be more dangerous and threatening than the 
employed (Spohn & Holleran, 2000). Criminal thinking is included in the 
propensity score model because it has been identified as one of the main 
predictors of recidivism (Gendreau, Little, & Goggin, 1996). Finally, two 
additional characteristics about the seriousness of the case and pretrial 
release are included as well because they are typically related to imprison-
ment length. Table 1 contains descriptive statistics on the covariates mea-
sured at baseline and provides information about the initial balance of the 
covariates.
7 Nagin et al. (2009) also identifi ed sex, but that factor is irrelevant for the sample used in 
the current paper because only males are included in the Prison Project. By limiting the 
analysis to males, the study accounts for gender by design.
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Since all respondents were born in the Netherlands, origin was based on 
the country of birth of their parents. We distinguish between five second 
generation immigrant groups, i.e., Dutch, Moroccan, Surinamese, Turkish, 
and other.8 We use the Statistics Netherlands definition to measure these 
second generation immigrant groups. Age is measured continuously at the 
time of entering the pretrial detention facility. Four different questions were 
asked about alcohol use in the 12 months prior to arrest. Problematic alcohol 
use is identified if the respondent answered yes to at least one of these ques-
tions asked.9 Parallel questions were asked about drug use. These measures 
were based on items of the Composite International Diagnostic Interview 
(CIDI). Homelessness is measured dichotomously, coded 1 if the respon-
dents were “drifting/ homeless or living with varying family members/ 
friends at the time of arrest”.
Having a partner is captured with a dichotomous measure of whether 
an offender was married or had a registered partner, with marriage/ regis-
tered partnership coded 1. Ties to children is captured with a dichotomous 
measure, coded 1 if the respondent has a child(ren). The recent labor market 
position of the offender reflects their employment situation at the time of 
arrest. This variable consists of five categories: not in the labor force (e.g., ill 
or disabled, student, works in household, pensioner), unemployed, part-
time employment (up to 32 hours per week), fulltime employment (over 32 
hours per week), self-employed. To include a measure of prior work experi-
ence, we also examine whether the offender was ever active on the labor 
market, with never active coded 1. We also include a dichotomous measure 
for whether or not the offender was pursuing fulltime education at the time 
of arrest. We use two scales of the Criminal Sentiments Scale-Modified (CSS-
M: Gendreau, Grant, Leipciger, & Collins, 1979; Simourd, 1997) for measures 
of criminal thinking. A total of ten items on a five-point scale were combined 
to measure tolerance towards law violation (α = .815) and six items on a five-
point scale were combined to measure identifying with criminal others (α = 
.665).
We also control for the official criminal history of the offender and 
include a variety of measures. We make distinctions between the total num-
ber of registered offenses committed prior to the current offense (total num-
ber of charges that led to a conviction), the total number of prior convictions, 
8 The four largest immigrant groups in the Netherlands are Moroccans, Surinamese, Turks, 
and Dutch Antilleans, but there were too few Dutch Antilleans in the sample to be mea-
sured as a separate immigrant group.
9 These four questions were asked: 1) In the last 12 months leading up to your arrest, has 
there been a time when your use of alcohol repeatedly hindered your activities at school, 
work or home? 2) In the last 12 months leading up to your arrest, did you repeatedly get 
into problems with family or friends because or your use of alcohol? 3) In the last 12 
months, did you ever have such an urgent need for alcohol that you could not think 
about anything else? 4) In the last 12 months, did the use of alcohol cause you to give up 
or drastically decrease important activities – such as sports, going to school or work, or 
hanging out with family and friends?
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and a dichotomous measure of whether or not the respondent had been pre-
viously incarcerated. We also include measures of the number of convictions 
in the past five years to include the more recent criminal activities committed 
by respondents and differentiate between convictions for property, violent, 
other, and unknown crimes. We also include the age of onset continuously. 
We included three measures of the instant offense including the type of 
offense, the number of crimes involved in the instant offense, and the sever-
ity of the offense. Offense type is coded from a series of nine dummies 
describing the nature of the most serious conviction offense (following the 
Statistics Netherlands classification).10 The number of crimes in case of con-
viction is a continuous measure of the charge prevalence in each case. 
Offense severity is based on the statutory maximum penalty of the offense, 
which ranges from 0 to 30 years. We finally included a dichotomous measure 
of pretrial release, with 0 representing those defendants detained up until the 
court hearing in which the sentence is imposed and 1 representing those 
defendants who were pretrial detained but released prior to sentencing.
Including such a wide range of covariates in our propensity score model 
is important to rigorously control for selection bias and to reduce the issue 
of unobserved heterogeneity.11 In line with Loughran et al. (2009), we assess 
initial imbalance by considering the p-value of the simple correlation coef-
ficient for each covariate with length of stay (α=0.05). Prior to matching, 12 
covariates of the 40 covariates are out of balance (see Table 1).
Table 1 Descriptive statistics and initial balance (N = 1,470)
Mean S.D. p-value
Sociodemographics 
Dutch .62 .48 .40
Moroccan .12 .33 .18
Surinamese .06 .24 .44
Turkish .05 .22 .19
Other ethnicity .14 .35 .61
Age (/10) 3.02 1.06 .70
Lifestyle 
Problematic use of alcohol .16 .36 .85
Problematic use of drugs .26 .44 .48
Homelessness .07 .25 .01a
10 Offense types with less than fi ve observations in certain “doses” were coded as other 
offense type.
11 Mean imputation was implied for tolerance to law violation (N = 186), identifying with 
criminal others (N = 182), the number of charges (N = 61), and the severity of the offense 
(N = 66) to reduce the number of missing cases. After these adjustments, there were very 
few missing values among the other variables. Due to missing data 1.1 percent of the 
observations were dropped. After these exclusions, the resulting sample consists of 1,470 
defendants.
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Table 1 continued
Conventional bonds 
Marriage/ registered partner .06 .23 .76
Children (y/n) .28 .45 .86
Not in labor force .21 .40 .45
Unemployed .41 .49 .95
Part-time employment .08 .26 .40
Fulltime employment .18 .38 .67
Self-employed .13 .34 .27
Never active on labor market .08 .27 .22
Fulltime education .04 .20 .82
Criminal thinking 
Tolerance law violation 3.02 .57 .11
Identifying with criminal others 2.64 .56 .32
Criminal history
#registered crimes 16.32 2.01 .18
#convictions 8.70 9.76 .09
Previously prison spell .59 .49 .55
#property convictions (past five years) 1.33 1.92 .02a
#violent convictions (past five years) .59 .91 .06
#other convictions (past five years) 1.03 1.36 .59
#unknown convictions (past five years) .01 .10 .36
Age of onset 18.72 7.10 .03a
Offense type 
Threatening .05 .21 .53
Crime against human life .06 .24 .01a
Assault .11 .31 .01a
Violent theft .14 .35 .00a
Theft .07 .25 .00a
Aggravated theft .25 .43 .00a
Other .21 .40 .69
Hard drugs .09 .29 .02a
Soft drugs .03 .17 .60
Case
#crimes in case of conviction 2.59 1.96 .00a
Severity of the offense 6.43 3.23 .00a
Pretrial release .47 .50 .00a
a Covariate is initially out of balance
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Methodology
This study uses a propensity score methodology to estimate the effect of 
imprisonment length on recivism. The studies by Loughran et al. (2009), 
Meade and colleagues (2013), and Snodgrass et al. (2011) are the only appli-
cations thus far. We use a propensity score methodology to create sample 
strata. The propensity score methodology of Rosenbaum and Rubin (1983) is 
mostly used in observational studies to try to control for selection effects 
among two treatment groups and stratification research is less often applied 
in observational studies.
Stratification is a form of matching where individuals are grouped with 
other individuals within a defined range of propensity scores resulting in 
equal sized subgroups. This method was specifically designed to reduce 
bias in observational studies (Rosenbaum & Rubin, 1984). We prefer this 
method over the commonly used multivariate regression models because of 
the advantages of this propensity score methodology. The advantages 
include the ability to identify the range over which the data will support 
estimates of the treatment effects, that it is not required to specify the func-
tional form of the relationship between covariates and outcome, and that it 
is more robust concerning model misspecification than regression tech-
niques (e.g., Nagin et al., 2009; Zanutto, Lu, & Hornik, 2005). Prior research 
showed that several types of propensity score analyses, including stratifica-
tion, are able to reproduce the results from a randomized experiment, espe-
cially when including an extensive set of covariates (e.g., Shadish et al., 
2008).
Following Loughran et. al. (2009), an ordinal logit model, that included 
the set of observed pre-treatment covariates specified in Table 1, is used to 
generate the propensity score which is also referred to as a “balancing 
score”.12 The proportional odds assumption of constancy of effects across 
categories in the ordinal logit model is met (χ²[120] = 138.3, p = .21). Addi-
tional Wald tests indicated that the coefficients on each of the covariates 
specified in Table 1 are constant across the categories. After estimating the 
propensity scores and the model assumption checks, cases were subclassi-
fied in equal sized groups based on that propensity score. The Figure in 
Appendix A shows the distribution of the propensity scores. We exclude the 
subjects for whom no appropriate match is available, i.e., all subjects who 
have a propensity score lower than the minimum propensity score among 
the highest-dose prisoners (N = 130), or a propensity score higher than the 
12 See Lu, Zanutto, Hornik, & Rosenbaum (2001) and Zanutto et al., (2005) for other applica-
tions of the generalized propensity score. The use of an ordinal logit model is in line with 
all second generation work on the dose-response relationship between length of stay and 
future offending.
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maximum propensity score among the lowest-dose prisoners (N = 4).13 The 
Table in Appendix A shows the overlap in predicted propensity scores 
across the five prison length groups. The results indicate that there is suffi-
cient overlap—common support—every quintile of predicted scores 
includes a sufficient number of prisoners of the different lengths of observed 
imprisonment. With this level of common support, the results will not only 
relate to a select (non-representative) group of imprisoned individuals and 
it indicates that the propensity score methodology is suitable for this data.
Propensity Score Estimation and Covariate Balance
After stratification, covariate balance is maximized using an iterative 
approach for model selection, for instance by including log transformation, 
squares, and interactions. The imbalance was ultimately reduced to three 
covariates, i.e., simple theft, offense severity, and pretrial release. The bal-
ance achieved approximates the balance that we would expect from ran-
domization, because at α = .05 we would expect two of the forty covariates 
imbalanced. This model, thereby, eliminates a substantial number of covari-
ates as potential confounders.
We further investigated the imbalanced covariates to describe more 
accurately where mean differences exactly occur in the imbalanced covari-
ates after stratification. First, results of further investigations showed that 
the imbalance with regard to offense severity was caused only by the mean 
difference between the fifth and second dose. The absolute mean difference 
between those doses was 7 months. All other mean differences were not 
statistically significant based on the standardized mean difference score, i.e., 
all had a value lower than 20 (see also Rosenbaum & Rubin, 1985). Second, 
the imbalance in simple theft was only caused by the mean value in the fifth 
dose, which was relatively high. Mean differences between all other doses 
were not statistically significant and only few offenders committed a simple 
theft offense (N = 59). Third, the highest mean difference with regard to pre-
trial release was concentrated in the first dose compared to other doses. Not 
surprisingly, offenders in the first dose were more often released pretrial 
compared to those longer imprisoned. Mean differences between all other 
doses were not statistically significant.
Overall, mean differences in the imbalanced covariates were rather 
small and only few differences between doses were significant. We therefore 
argue that no meaningful differences were observed in any covariate.
13 Sensitivity analysis showed similar results on all outcomes without this selection 
(N = 1,470), as well as when a more restricted range was chosen which resulted in a sub-
stantially smaller sample (N = 940). Here, all individuals were excluded with a propensi-
ty score higher than the maximum propensity score of the 95%-confi dence interval of the 
fi rst dose and those with a propensity score lower than the minimum propensity score of 
the 95% confi dence interval of the fi fth dose. All of the effects remain non signifi cant. 
When using the more strict selection, though, none of the effects appear to be lineair.
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Results
Unadjusted Estimates of the Treatment Effect
For comparative purposes, we show the unadjusted dose-response relation-
ship between length of stay and recidivism (i.e., the naïve comparison) and 
then present the results based on the propensity score methodology to 
adjust for the existing differences between the different groups of offenders.
Table 2 shows the results for the naïve comparison of our measures of 
registered future crimes, reconvictions, and reincarceration. Before stratifica-
tion, the likelihood of registered future crimes decreases for individuals who 
stayed in prison longer. This effect is linear (χ² = 8.39, p < 0.05), and border-
line statistically significant (χ² = 9.44, p = 0.05). The results also show a linear 
relationship with regard to registered reconviction14 and reincarceration15. 
These effects are statistically significant and the effect sizes are fairly modest 
(see Table 1). These results should not be interpreted as a test of the dose-
response relationship but rather as a simple description of recidivism pat-
terns.
Table 2 Unadjusted dose-response estimates (N = 1,470)
  % future crime % reconviction % reincarceration
1 to 6 weeks 37.3 26.8 16.9
6 weeks to 3 months 36.1 21.2 11.9
3 to 4 months 3.0 16.5 7.9
4 to 6 months 29.9 18.3 11.2
> 6 months 28.1 14.4 7.0
Cramer's V .08 .11 .11
Total 32.65 19.59 11.02
Adjusted Estimates of the Treatment Effect
Here, we estimate the conditional expected rate of recidivism as a stratum-
weighted likelihood for each dosage level. The results presented here rep-
resent the key findings of the current study. Figure 2 reports the response 
curves for all measures of officially registered recidivism. A point on the 
curve, here, is a conditional expectation relative to the other dosage lev-
els. The curve for future registered crimes is linear (χ² = 4.50, p < 0.05), but 
the subtle differences are not statistically significant (χ² = 7.25, p = 0.12). 
14 This effect is also linear (χ²[1] = 14,23, p < 0.01) and statistically signifi cant (χ²[4] = 16.96, 
p < 0.01).
15 This effect is also linear (χ²[1] = 12,63, p < 0.01) and statistically signifi cant (χ²[4] = 17.89, 
p < 0.01).
166 Chapter 7
The likelihood of a registered future crime for different lengths of imprison-
ment is between 28.3 and 38.4 percent over the exact follow-up period of six 
months. Although reconviction and reincarceration are less prevalent, the 
shape of these lines is fairly comparable to the shape of the future crimes 
curve. The difference in the shape of the curves is especially visible in the 
highest dose. This might be explained by differences between the outcome 
characteristics. Because it takes some time for a case registered at the Prose-
cutor’s Office to lead to a conviction, the outcomes reconviction and reincar-
ceration are probably underestimated. It could be that the new charge(s) 
have not yet led to a conviction for those individuals, which could possibly 
explain the difference between the outcome characteristics in the highest 
dose.
That said, the relationship between time served and all outcomes is not 
significant. The dose-response relationship for reconviction is linear, but not 
statistically significant16, and the relationship for reincarceration17 is neither 
linear nor statistically significant. We further analyzed the data to investi-
gate whether the drop in reconviction and reincarceration in the fifth dose 
could be caused by the fact that individuals in that specific dose may have 
been released pretrial and at a later stadium received a prison sentence 
exceeding the time already served in pretrial detention. Those offenders 
would typically have less time in which they are exposed to being recon-
victed or reincarcerated. The results show that offenders in the lowest dose 
are most often released pretrial and offenders in the highest dose are the 
least often released pretrial. Moreover, only 15 individuals in the highest 
dose were released pretrial and received a prison sentence, in a later stadi-
um, exceeding their time served in pretrial detention. Given the rare nature 
of such events and the fact that this later term of imprisonment could also 
(partly) be executed after the relatively short follow-up period of six months, 
which would not affect the exposure time, we argue that it is unlikely that 
this is what drives the relative low level of reconviction and reincarceration 
in the highest dose.18
Overall, the results suggest that there is no benefit, in terms of reducing 
reoffending, for imprisoning individuals longer.
16 Linearity (χ²[1] = 7.14, p < 0.01); Statistical signifi cance (χ²[4] = 8.30, p = 0.08).
17 Linearity (χ²[1] = 2.87, p = 0.09); Statistical signifi cance (χ²[4] = 6.25, p = 0.18 ).
18 These additional calculations were performed on a subset of the full sample, because this 
information was only available for 1,082 individuals.
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Figure 2 Adjusted dose-response estimates in percentages (N = 1,336)
Stratification of Treatment Effects
As already discussed, four groups of suspects can be distinguished for 
whom imprisonment length is measured. In Appendix B the adjusted dose-
response estimates are stratified for these different groups of suspects: 1) 
those pretrial released who later receive extra time, 2) those pretrial released 
who later receive “time served”, 3) those detained up until the sentence is 
imposed and who then receive extra time, and 4) those detained up until the 
sentence is imposed and who then receive “time served”. The one group for 
which we were not able to control for exposure time properly is the first 
group of suspects. Appendix B also shows that those suspects scored lowest 
on our outcome measures. The difference with the group who were pretrial 
released and who received “time served” is therefore probably caused by 
our inability to control for exposure time for those who score lowest on the 
outcome measures. The results further show that recidivism is less prevalent 
after being pretrial released than for those who have been detained up until 
the sentence is imposed. This indicates that different groups of suspects can 
be identified who respond differently to imprisonment length. That recidi-
vism rates are lower for those who have been pretrial released could be 
explained from a deterrence perspective. These suspects are probably more 
reluctant to involve in criminal behavior, because they are still awaiting tri-
al. The costs of involvement in criminal behavior are probably higher in that 
period, because the certainty of punishment could be perceived to be higher. 
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The results further show that the high level of recidivism found after the 
lowest dose of imprisonment is mainly caused by those who have been pre-
trial detained up until the sentence was imposed. It could be that this group 
consists of high rate offenders who usually do not commit very severe 
crimes, but are especially involved in simple theft offenses. This could 
explain their high scores on our outcome measures.
Conclusion and Discussion
This research has examined the relationship between length of imprison-
ment and recidivism in the first six months after release from prison. The 
strengths of our study lie in..” the reliance on both registered and survey 
data, the very detailed offenders’ life circumstances information available 
for the offenders in our sample, the precise measurement of length of 
imprisonment, and the cutting edge methods used to account for selection 
effects. Our findings suggest that length of imprisonment exerts an overall 
null effect on recidivism and that this substantive conclusion holds across 
various measures and types of recidivism, i.e., future crimes, reconviction, 
and reincarceration.
Because our results are not based on an experiment caution is warranted 
when interpreting these results. An experimental design would be the ideal 
design to assess the effects of length of imprisonment on recidivism because 
selection bias would then be completely ruled out. This means that pre-
existing differences between groups of offenders who served different 
lengths of imprisonment are then eliminated so that the effect of imprison-
ment length can be isolated. Using the propensity score methodology, three 
covariates stay imbalanced in the current study meaning that most pre-
existing differences were ruled out as confounders. Even though mean dif-
ferences in the imbalanced covariates were rather small, it is an important 
limitation that the effect of time served could not perfectly be isolated. 
Another concern is that we used observational data and this study, there-
fore, remains vulnerable to sources of unobserved bias. This is a common 
limitation in the new generation of studies assessing the dose-response rela-
tionship between length of imprisonment and recidivism (Loughran et al., 
2009; Meade et al., 2013; Snodgrass et al., 2011). In the current study we 
aimed to reduce this problem by combining registration data with rich sur-
vey data so that many potential confounders could be accounted for.
Another issue that needs to be discussed is the fact that only effects of 
imprisonment length up to 15 months were investigated in the current 
study. An advantage thereof is that pre-existing differences between indi-
viduals should not be as high as when individuals imprisoned for a (much) 
longer period would have been included. This is also evidenced by the fact 
that the initial imbalance in the current study was not that high to begin 
with. Loughran et al. (2009) showed dramatic heterogeneity in recidivism 
for offenders who served beyond 15 months of imprisonment. Furthermore, 
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by including long-term imprisonment it is also difficult to disentangle 
effects of specific deterrence and incapacitation as offenders may have aged 
out of the peak offending years during their prison sentence (Meade et al., 
2013). We could therefore argue, based on this reasoning, that the scientific 
validity of the current study was enhanced by only including imprisoned 
individuals up to 15 months. This selection also did not dramatically 
decrease the generalizability of the results for the Dutch context, because for 
86 percent of the individuals who entered pretrial detention the term of 
imprisonment is not longer than one year in the Netherlands (Linckens & 
De Looff, 2013). It however does reduce its generalizability to other sentenc-
ing context, like the United States, where imprisonment sentences are typi-
cally much longer. Snodgrass et al. (2011) already speculated that findings 
based on Dutch data would be more reflective of practices in most of West-
ern Europe and may be informative about the U.S. jail population, but these 
findings are probably less informative about U.S. federal and state prisons. 
In addition, the generalizability is also limited because the dose-response 
relationship was estimated only for those offenders who were pretrial 
detained at the beginning of their imprisonment.
That said, our results are in line with the new generation of dose-
response studies in which very little evidence of a relationship between 
length of stay and recidivism was found (Loughran et al., 2009; Meade et al., 
2013; Snodgrass et al., 2011).19 This provides some preliminary support that 
indeed length of imprisonment does not influence recidivism. Based on this 
finding we can neither confirm theoretical arguments that increased lengths 
of imprisonment are criminogenic nor can we confirm that longer stays 
deters individuals from recidivating. From a policy perspective, this result 
suggests that investing in longer prison sentences is not likely to yield high-
er crime control benefits. Public resources could therefore be better spend in 
order to yield higher crime control benefits which is also important given 
the high costs related to prison sentences. That the costs of official interven-
tions are important to consider in contemporary society is evidenced by the 
fact that plans for electronic monitoring were recently devised, even though 
they were not yet put in action. Alternative sentences could be more promis-
ing in this regard (e.g., Wermink et al., 2010) and prior research also suggests 
that there is more robust evidence that the certainty of punishment works as 
a deterrent, rather than the sentence severity (see also Nagin & Pogarsky, 
2001).
Also for legal actors, who take into account sentencing goals when mak-
ing decisions in the sentencing process, it is important to know that longer 
terms of imprisonment do not seem to lead to less recidivism. When legal 
actors are deciding over the length of the prison sentence, given that a pris-
on sentence is imposed, and their aim is to reduce recidivism longer terms of 
19 Our unadjusted dose-response estimates showed a negative signifi cant effect on recidi-
vism which is in line with previous studies (see Meade et. al., 2013; Snodgrass et. al., 2011, 
but see also Loughran et. al., 2009 who found no signifi cant effect).
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imprisonment do not necessarily reduce recidivism as one could have 
thought based on the deterrence framework. To be able to impose sentences 
more efficiently it is important that legal actors become aware of the effects 
of official interventions based on empirical evidence. Even though we 
focused on the exact duration of imprisonment rather than the imposed sen-
tence length, our results do give insight into the working of the specific 
deterrence framework in practice. For future research it is highly recom-
mended to begin to disentangle effects of imposed sentences, rather than 
exact imprisonment length, so that legal actors can use their discretionary 
freedom more efficiently with that understanding. The sentence length deci-
sion of judges needs also to be disaggregated in future research. The current 
results already indicated that the dose-response relationship seems to differ 
between those who had been pretrial released and those who had been 
detained up until the sentence was imposed. Furthermore, based on the 
deterrence framework it was argued that longer imprisonment is more 
severe than shorter terms of imprisonment. To test this more accurately, 
future research should include subjective measures of experienced sentence 
severity by punished offenders.
The aim of the current study, similar to other contemporary research, 
was to provide a single estimate of the average effect of length of imprison-
ment on recidivism. A concern for future research is to address the issue that 
the magnitude of the deterrent effect could vary between different groups of 
offenders, for instance by individuals’ level of motivation or propensity to 
commit crime (Wright, Caspi, Moffitt, & Paternoster, 2004). The effect might 
also be conditioned by characteristics of the institution, for instance in the 
level of investments by institutions on reintegration in the build-up to 
release (Nagin et al., 2009). Stratifying the effect of length of imprisonment 
could increase our understanding of individual differences in responding to 
punishment in terms of recidivism.
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Appendix A.
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Predicted scores
Observed imprisonment length
1-6 weeks
6wks-
3months 3-4 months 4-6 months 6-15 months
1st quintile 85 93 49 26 14
2nd quintile 68 89 44 37 29
3rd quintile 44 86 74 34 30
4th quintile 15 57 56 61 78
5th quintile 4 26 31 62 144
N of respondents 216 351 254 220 295
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Appendix B. Stratification of adjusted dose-estimates
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